Aims: The results of history and physical examination, nocturnal penile tumescence testing (NPT), colour¯ow duplex Doppler ultrasonography and dynamic infusion cavernosometry and cavernosography (DICC) were retrospectively correlated in 207 patients with erectile dysfunction. Methods and materials: The predictive value of the patient's own subjective assessment of early morning and nocturnal erections, history of cigarette smoking, the presence of vascular risk factors was correlated to the outcome of investigations. The result of Rigiscan NPT was correlated to the peak systolic velocity (PSV) and the resistance index (RI) determined at colour¯ow duplex Doppler ultrasonography, and the maintenance¯ow rate (Q m ) determined at DICC. Results: Eighty-®ve out of two hundred and seven patients (41%) had normal NPT comprising 48 out of 85 patients (56%) who described rigid early morning and nocturnal erections, 15 out of 85 patients (18%) who smoked cigarettes and 9 out of 85 patients (11%) with other positive vascular risk factors. 72 out of 85 patients (85%) had a normal PSV (b30 cmas), 80 out of 85 patients (94%) had a normal RI (b0.85) and 82 out of 85 patients (96%) had a normal Q m ), (`10 mlamin). Vascular investigations in this group identi®ed 71 out of 85 patients (84%) with no penile vascular disease, 11 out of 85 patients (13%) with arteriogenic impotence, 2 out of 85 patients (2%) with mixed vasculogenic impotence and 1 out of 85 patients (1%) with cavernosal venous leakage (CVL). One hundred and twenty-two out of two hundred and seven patients (59%) had an abnormal NPT comprising 18 out of 122 patients (15%) who continued to experience rigid early morning erections, 65 out of 122 patients (53%) who smoked cigarettes, 59 out of 112 patients (48%) with other positive vascular risk factors, 36 out of 112 patients (29%) had an abnormal PSV (`30 cmas), 49 out of 122 patients (40%) had an abnormal RI (`0.85) and 55 out of 122 patients (45%) had an abnormal Q m (b10 mlamin). Vascular investigations in this group identi®ed ®ve patients with no penile vascular disease, 51 out of 122 patients (41%) with arteriogenic impotence, 31 out of 122 patients (25%) with cavernosal venous leakage (CVL) and 35 out of 122 patients (29%) with mixed vasculogenic impotence. Conclusions: (1) a history of cigarette smoking and positive vascular risk factors are good predictors of organic impotence whereas the patient's subjective assessment of his own early morning erections is unreliable; (2) normal NPT correlates well with normal PSV, RI and Q m but does not exclude organic impotence; (3) abnormal NPT correlates well with abnormal PSV, RI and Q m .
Introduction
The management of erectile dysfunction (ED) may require identi®cation of the exact aetiology as psychogenic, vasculogenic, neurogenic, endocrinergic or mixed. Current opinion is that the patient work-up is goal directed and includes a medical and sexual history, a physical examination and a discussion of available treatment options. Selected patients may require further evaluation with a variety of investigations including penile biothesiometry, nocturnal penile tumescence testing (NPT), colour duplex Doppler ultrasonography (CDU), dynamic infusion cavernosometry and cavernosography (DICC) and selective pudendal pharmacoangiography.
Many investigations have reported that certain aspects of the sexual history, such as the absence of morning erections, are suf®cient to exclude psychogenic impotence. Others claimed that one speci®c test is suf®cient for differentiating between the varied aetiologies of ED.
A retrospective study was designed to determine the predictive value of the patient's history as to the exact aetiology of his ED by correlating aspects of that history with the results of NPT, CDU and DICC, and to determine the correlation between the results of NPT, CDU and DICC.
Material and methods
A total of 207 non-consecutive patients with a mean age of 48.6 y (range 19±61 y) with chronic ED where an aetiological diagnosis of ED was required underwent a standard full work-up comprising a medical and sexual history, a physical examination, fasting lipids and standard biochemistry, nocturnal penile tumescence testing (NPT), colour duplex Doppler ultrasonography (CDU) and dynamic infusion cavernosometry and cavernosography (DICC) between October 1994 and June 1996. Speci®c attention was directed towards the presence of known vascular risk factors such as a history of hypertension, coronary artery disease, peripheral vascular disease and dyslipidaemia.
Ambulatory NPT was performed (RigiScan (Dacomed Corp., Minneapolis, MN)) on three nights, regarding recordings with a base rigidity of 65%, a base expansion of 3.5 cm and a tip expansion of 2.5 cm as indicative of normal sleep erections. Penile CDU (Toshiba Sonolayer) was performed following intracavernous challenge and, if indicated, re-challenge, with Prostaglandin E1 (20 mcg) with serial measurement of peak systolic velocity (PSV), end diastolic velocity (EDV), resistance index (RI) and cavernosal artery diameter and assessment of cavernosal morphology until either a full erection or plateau haemodynamic parameters were achieved. DICC was performed following intracavernous challenge of Papaverine (60 mg) and Phentolamine (2 mg) with serial re-challenge until a linear relationship between intracavernous pressure and infusion¯ow rate was achieved indicating maximal smooth muscle relaxation, 1 and subsequent infusion with dilute non-ionic radiological contrast. Generally accepted normal values were used regarding a PSV less than 30 cmas as indicative of arterial insuf®ciency and Q m in excess of 10 mlamin, d ccp in excess of 2 mm Hgas and RI less than 0.85 as indicative of cavernosal venous leakage (CVL).
On the basis of the NPT results, patients were divided into one group with normal sleep erections and a second group with poor or absent sleep erections. The duration of ED, the patient's own subjective assessment of morning and masturbatory erections, the presence of vascular risk factors, diabetes mellitus, lifestyle risk factors such as cigarette smoking and alcohol abuse were compared to the results of penile CDU and DICC in and between both groups.
A risk factor pro®le was established by correlation of these results in an attempt to identify the relative risk of ED for each risk factor. Results were statistically analysed using Student t-tests.
Results
The results of NPT were normal in 85 out of 207 men (41%) and abnormal in 122 out of 207 (59%). In men with normal NPT, the mean duration of ED was 3.1 AE 1.1 months. Early morning erections and masturbatory erections were reported by 48 out of 85 men (56%) and 52 out of 85 men (61%) respectively in this group. In this group, 15 out of 85 men (18%) smoked cigarettes, 9 out of 85 men (11%) had positive vascular risk factors, 6 out of 85 men (7%) had diabetes mellitus and 12 out of 85 men (14%) admitted to alcohol abuse (Table 1 ). In patients with abnormal NPT, the mean duration of ED was 15.6 AE 9.2 months. Early morning erections and masturbatory erections were reported by 18 out of 122 men (15%) and 9 out of 122 men (7%) respectively in this group. In this group, 65 out of 122 men (53%) smoked cigarettes, 59 out of 122 men (48%) had positive vascular risk factors, 25 out of 122 men (20%) had diabetes mellitus and 20 out of 122 men (16%) admitted to alcohol abuse (Table 1) . Patients who either smoked cigarettes or suffered from diabetes mellitus were both 2.9 times more likely to have organic ED than nonsmokers or nondiabetics. The presence of positive vascular risk factors increased the likelihood of organic ED by a factor of 4.4. Alcohol abuse increased the risk of organic ED by a factor of only 1.1.
In patients with normal NPT, 72 out of 85 men (85%) had a normal PSV, 80 out of 85 men (94%) EME early morning erection and ME masturbatory erections.
Predictive value of patient history in the evaluation of ED CH McMahon and K Touma had a normal RI and 82 out of 85 men (96%) had a normal Q m . In patients with abnormal NPT, 36 out of 122 men (29%) had a normal PSV, 49 out of 122 men (40%) had a normal RI and 55 out of 122 men (45%) had a normal Q m ( Table 2 ). On the basis of the results of CDU and DICC, patients were categorised as suffering from psychogenic impotence in 76 out of 207 men (37%), arteriogenic impotence in 62 out of 207 (30%), cavernosal venous leakage (CVL) in 32 out of 207 (15.5%) and mixed vasculogenic impotence in 37 out of 207 (18%). Of the 76 men categorised as suffering from psychogenic impotence, 71 out of 76 (93%) had a normal NPT and 5 out of 76 (7%) had an abnormal NPT. Of the 62 men categorised as suffering from arteriogenic impotence, 11 out of 62 (18%) had a normal NPT and 51 out of 62 (82%) had an abnormal NPT. Of the 32 men categorised as suffering from cavernosal venous leakage (CVL), 1 out of 32 (3%) had a normal NPT and 31 out of 32 (97%) had an abnormal NPT. Of the 37 men categorised as suffering from mixed vasculogenic impotence, 2 out of 37 (5%) had a normal NPT and 35 out of 37 (95%) had an abnormal NPT (Table 3) .
Discussion
In this study, several clear differences are evident in patient symptomatology, medical history and lifestyle between men with a normal NPT and men with an abnormal NPT. Men with normal NPT presented earlier for treatment at 3.1 months as opposed to 15.6 months for men with abnormal NPT. This is consistent with the often abrupt onset of psychogenic ED and the insidious onset of vasculogenic ED. More than half of the men with abnormal NPT (53%) (65 out of 122) smoked cigarettes as opposed to only 15% (15 out of 85) of men with a normal NPT. In men with an abnormal NPT, 47% had other vascular risk factors, 20% had diabetes mellitus and 16% had reported andaor biochemical evidence of alcohol abuse as opposed to 11%, 7% and 14% respectively in men with normal NPT. The prevalence of cigarette smoking, other vascular risk factors and diabetes was signi®cantly higher in men with an abnormal NPT (all P`0.01) whereas the prevalence of alcohol abuse was not signi®cantly different between the two groups.
The risk factor pro®le for men with organic ED in this study included lifestyle issues such as cigarette smoking and concurrent illness such as diabetes mellitus, hypertension, coronary artery disease, peripheral vascular disease and dyslipidaemia. Alcohol abuse increased the risk of organic ED by a factor of only 1.1 and, as such, is not regarded as a signi®cant risk factor. As such, a history of cigarette smoking, positive vascular risk factors and diabetes in men with ED appears to be a good predictor of the presence of an organic aetiology.
It is generally accepted that the most common cause of ED is penile vascular disease due to cavernosal artery atherosclerosis, cavernosal venous leakage or as a combination of both. Morley et al 2 and Wabrek et al 3 have both reported an increased incidence of coronary artery disease in men with ED secondary to cavernosal artery atherosclerosis. More recently, Greenstein et al 4 reported a statistically signi®cant correlation between erectile function and the number of coronary vessels involved in a group of 40 men with coronary artery disease who underwent coronary angiography. As such, vasculogenic ED can be regarded as a predictor of the possibility of a patient subsequently developing symptomatic coronary artery disease. Accordingly the prompt and accurate diagnosis of the aetiology of ED assumes additional signi®cance in men with cavernosal artery atherosclerosis, as it allows the patient to reduce his vascular risk factor pro®le by adopting appropriate life style changes, thereby potentially reducing the risk of developing symptomatic coronary artery disease. As such, the reliability of the investigations used in the diagnosis of the aetiology of ED has added signi®cance.
The term`gold standard' has been applied to many of the investigation used in the evaluation of men with ED, implying high levels of diagnostic speci®city and sensitivity and consequently a low incidence of false diagnosis. As a result, the evaluation of many men with ED is often streamlined to include one of these`gold standard' investigations, for example, NPT and CDU, in an attempt to make establishing an aetiological diagnosis minimally invasive and cost-effective. Predictive value of patient history in the evaluation of ED
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Sleep laboratory NPT with polysomnography has been described as the`gold standard' investigation to distinguish psychogenic from organic ED. The role and accuracy of ambulatory continuous recordings of penile tumescence and rigidity with the Rigiscan has been validated and a nomogram of normal values reported by several authors. Colour Duplex ultrasonography has been reported in multiple studies as the`gold standard' investigation for the diagnosis of penile vascular disease. Benson and Vickers reported a close correlation between the results of penile CDU and pharmacoangiography in 20 patients. 5 Of the 40 cavernous arteries studied, 11 out of 11 men with a PSV`25 and 13 out of 17 arteries with a PSV between 25 and 35 had arterial occlusive disease on pharmacoangiography whereas only 1 artery with a PSV greater than 35 cmas had an abnormal angiogram. Similar results were reported by Brandsetter et al 6 who reported a high level of sensitivity and speci®city of penile CDU for diagnosis of arterial occlusive disease with identical diagnosis in 34 out of 42 patients also studied with angiography.
Davis et al 7 reported that a medical history and physical examination had a 95% sensitivity but only 50% speci®city in diagnosing organic ED. Lehman et al 8 found that patient-reported sexual functioning revealed no characteristics predictive of the outcome of penile CDU. In contradiction to these ®ndings, Segraves et al 9 reported that patient reported presence or absence of early morning erections correctly assigned 100% of the men studied with organic ED and 86% of the men with psychogenic ED. Ackerman et al 10 reported similar results and concluded that patient reports of morning erections accurately predicted NPT results.
In this study, only 56% (48 out of 85) men with normal NPT reported waking erections and only 61% (52 out of 85) described erections in response to fantasy and erotic material. Predictably, very few patients with abnormal NPT reported rigid waking erections 14% (18 out of 122) and erotic erections 7% (9 out of 122) in response to fantasy or erotic materials. Our experiences parallel the experience of Lehman's group in suggesting that patient's subjective reports of waking and masturbatory erections are poor predictors of the outcome of NPT in men with psychogenic ED. Furthermore, the presence of patient reported waking and masturbatory erections in 15% and 7% of men categorised as having organic ED, brings into further doubt the accuracy of penile blood¯ow investigations (penile CUD and DICC) upon which the diagnosis of organic ED is largely based. Kaneko and Bradley 11 reported that 27.3% of patients in their study group diagnosed with psychogenic impotence on the basis of their history including a psychosexual assessment and physical examination demonstrated abnormal nocturnal rigidity on NPT testing. In this study only 5 out of 76 men with a clinical diagnosis of psychogenic ED had abnormal NPT.
Several authors have reported their experience and have compared the results of penile CDU, DICC and NPT, often with con¯icting conclusions. Shabsigh et al 12 reported that penile CDU correlated well with sleep laboratory NPT in 44 out of 50 patients studied. Of the remaining six patients, three had an abnormal penile CDU with a normal NPT study and three had an abnormal NPT study with a normal penile CDU. Sattar et al 13 reported their experience with a series of 50 patients studied with NPT, CDU and DICC where normal NPT results correlated well with normal PSV and normal DICC, but abnormal NPT had a low correlation with EDV and DICC and no correlation with abnormal PSV. They concluded that all three investigations should be performed to achieve a reasonably accurate diagnosis. Contrary to these studies, Allen et al 14 reported a poor correlation of penile CDU with sleep laboratory NPT in a prospective blinded study of 40 men. An abnormal penile duplex was found in 20 out of 40 men studied yet 9 of this group of 20 men had a normal NPT study. Of the remaining 20 men who had a normal duplex study, 11 had an abnormal NPT. They suggested that caution be exercised with abnormal duplexes if there is clinical evidence of psychogenic ED. Scott et al 15 in a study of 34 patients, made similar conclusions to Allen et al 14 and reported a good correlation between the results of penile CDU and DICC but no correlation between these vascular investigations and NPT.
In this study, a PSV within the normal range was found in 84% (72 out of 85) of men with a normal NPT study. The remaining 16% (13 out of 85) men had an abnormal PSV suggesting penile arterial insuf®ciency. A normal Q m and a RI b 0.85, suggesting a normal veno-occlusive mechanism, was found in 96% (82 out of 85) and 94% (80 out of 85) of men respectively with a normal NPT study, the remaining 1% (1 out of 85) and 6% (5 out of 85) men respectively having evidence of cavernosal venous leakage. Overall, evidence of either penile arterial disease, cavernosal venous leakage or both, was found in 16% (14 out of 85) men with a normal NPT comprising 11 men with arteriogenic ED, one man with CVL and two men with mixed vasculogenic ED. Evidence of penile vascular disease was found in 95% (117 out of 122) men with an abnormal NPT, the remaining ®ve men (4%) having normal penile CDU and DICC and being categorised as suffering from psychogenic ED.
In this study, 11 out of 62 patients with arteriogenic ED, 1 out of 32 with cavernosal venous leakage and 2 out of 37 with mixed vasculogenic ED had a normal NPT. Overall, 14 out of 131 patients (11%) with vasculogenic ED had a normal NPT. An abnormal NPT was found in 5 out of 76 patients (7%) with psychogenic ED. Abnormal NPT appears to correlate reasonably well with abnormal penile 
Conclusions
On the basis of these ®ndings, it seems reasonable to conclude that the patient's recollections of early morning and masturbatory erections are at best subjective, correlate poorly with the results of NPT testing and are unreliable in establishing an aetiological diagnosis. Furthermore, none of the investigations we currently use are entirely reliable and none can be regarded as the one`gold standard'. This study also reinforced the correlation between cigarette smoking, vascular risk factors and ED. If a de®nite diagnosis is required before treatment is commenced and often it is not, that diagnosis must be based on a consensus derived from the patient's history, examination ®ndings and all investigations.
In the current era of evidence-based medicine, the management of ED should ideally be based on an aetiological diagnosis which allows the treating physician to classify the severity of dysfunction, to assist the patient to select the most appropriate and acceptable therapy which addresses the pathology present and to advise patients with vasculogenic ED to reduce their vascular risk factor pro®le by adopting appropriate life style changes, thereby potentially reducing the risk of developing symptomatic coronary artery disease. The availability of multiple medical therapies for ED and their potential for providing a`quick ®x' should not discourage the physician from establishing an aetiological diagnosis in most men. Accurate diagnosis allows us to identify the most appropriate and effective of these multiple treatments resulting in superior patient and partner satisfaction and better treatment outcomes.
